Introduction
Low back pain is a common disorder associated with high disability, 1 high economic burden, 2 and low quality of life, 3, 4 especially if chronic. Globally, the lifetime prevalence of low back pain is estimated at 38.9%. 5 Low back pain that persists for >3 months is considered chronic low back pain (CLBP), 6 which adversely affects both physical and mental health. 3 Although CLBP may develop after a specific injury, in many cases, no precipitating event can be identified. 6 CLBP may involve long-term changes to the central nervous system that affect the way pain is modulated and perceived. 7 These changes include anatomical, biochemical, and functional abnormalities in the brain and spinal cord that result in increased pain perception and are collectively referred to as central sensitization. 7, 8 Although CLBP is defined clearly in terms of its minimum duration, patients with CLBP comprise a heterogeneous population with varying demographics, manifestations of pain, and radiological findings. 8, 9 Thus, clinicians struggle to identify the optimal treatment option for individual patients with CLBP.
Treatment options for patients with CLBP include conventional pharmacologic (eg, nonsteroidal anti-inflammatory drugs [NSAIDs] ) and nonpharmacologic (eg, spinal manipulation) therapies. 10 However, for patients who do not respond to these therapies, treatment options are limited. Duloxetine is a unique analgesic that exhibits its efficacy through inhibiting serotonin and norepinephrine reuptake, with affinity for both serotonin and norepinephrine transporters. 11, 12 Duloxetine has been demonstrated to be efficacious in the treatment of chronic pain disorders, 13 including CLBP, as shown in Phase III, double-blind, randomized, placebo-controlled trials. [14] [15] [16] [17] A better understanding of the response profile of duloxetine 60 mg (the approved dose for CLBP in most countries) would help physicians when making treatment decisions for patients with CLBP. At present, however, there are no confirmed predictors of response to duloxetine treatment for CLBP. Patients with CLBP report lower pain thresholds, greater pain responses, larger receptive fields, and longer pain duration in response to experimental stimuli, consistent with central sensitization. [18] [19] [20] [21] [22] [23] As a clinical consequence of central sensitization, patients with CLBP may also have chronic pain in body sites other than the low back. 24 Given that duloxetine primarily acts on chronic pain, patients with a greater central sensitization component to their CLBP may respond better to duloxetine than patients with less central sensitization. Therefore, we hypothesized that patients with multiple painful sites would be more responsive to duloxetine than patients with isolated CLBP.
To examine if demographic and clinical factors, including early improvement with treatment, are associated with response to duloxetine, we conducted a post hoc analysis of pooled patient-level data from 4 double-blind, randomized, placebo-controlled trials of duloxetine 60 mg for CLBP. [14] [15] [16] [17] This analysis included an assessment of the relationship between the number of painful body sites (assessed using the Michigan Body Map 25 [MBM] ) and the response to duloxetine, assessed in the Japanese trial.
14 The MBM is a graphic tool that allows patients to self-report where they experience pain in up to 35 distinct body sites, and its validity and reliability have been demonstrated in a series of 5 studies involving 402 patients with widespread pain due to fibromyalgia.
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Patients and methods
Study design
This was a post hoc analysis of pooled patient-level data from 4 trials with similar study designs (multicenter, doubleblind, randomized, placebo-controlled trials of duloxetine for the treatment of CLBP) ( ) conducted between November 2006 and July 2014. Details of the individual trials are described in the primary publications. [14] [15] [16] [17] All trial protocols were approved by the institutional review boards of all sites and conducted in accordance with the principles of the Declaration of Helsinki and Good Clinical Practice. All patients provided written informed consent before any study-related procedures.
Inclusion and exclusion criteria
Inclusion criteria for all trials consisted of adult patients with a clinical diagnosis of nonspecific CLBP (ie, no known cause), with pain present on most days for ≥6 months and a Brief Pain Inventory (BPI) Severity 26 24-hour average pain score ("BPI average pain") of ≥4 at baseline. Major exclusion criteria included evidence of radicular compression or other vertebrae-related disorder (eg, spinal stenosis, spondylolisthesis), spinal fracture, history of >1 low back surgery or surgery within the past 12 months, invasive treatment for CLBP within the past month, and major depressive disorder. Specific inclusion/exclusion criteria for each trial are described in the primary publications. [14] [15] [16] [17] Patients were included in this post hoc analysis if they were randomized to duloxetine 60 mg (or placebo, for some analyses), received ≥1 dose of study drug, and had BPI average pain data available at baseline and at ≥1 time point after baseline. Patients with BPI average pain data at 2 weeks and ≥1 time point after 2 weeks were included in an analysis of early improvement.
Treatment protocol
Patients included in this analysis were treated with once-daily oral duloxetine 60 mg (Cymbalta ® ; Eli Lilly and Company, Indianapolis, IN, USA) or placebo for 12-14 weeks.
14-17 In 3 trials, patients initiated duloxetine at 20-30 mg/day, which increased to 60 mg/day over the first 1-2 weeks. [14] [15] [16] In 2 trials, patients in additional study arms received 20 mg/day or 
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Duloxetine for CLBP: responder analysis 120 mg/day duloxetine; 15, 16 patients in these study arms were not included in this analysis. In 1 trial, 15 patients who did not respond (≥30% pain reduction) to duloxetine 60 mg/day by Week 7 had their dose increased to 120 mg/day (n = 27); those patients were included in this analysis and treated as nonresponders for ≥30% and ≥50% pain reduction at end point (Week 12) regardless of their actual BPI scores at that time.
Concomitant analgesics (NSAIDs, acetaminophen, opioids) were prohibited in 2 of the trials, other than as episodic rescue medication (short-acting analgesics only, ≤3 consecutive days, ≤20 total days).
14,17 The other 2 trials allowed patients who were on stable doses of NSAIDs before study entry (total of 82 patients in the placebo arm, 86 patients in the duloxetine 60 mg/day arm) to continue these medications, but no changes to dose or frequency were allowed. 15, 16 These trials also allowed rescue use of short-acting analgesics, as mentioned earlier. Antidepressants were prohibited in all trials.
Outcome measures
The primary objective of all trials was the efficacy of duloxetine in the reduction of pain severity. The 24-hour average pain rating using the BPI Severity scale (ie, "BPI average pain") was the primary outcome measure in all but 1 trial, where it was a secondary outcome measure (primary measure was the weekly mean of a 24-hour average pain score using a Likert scale). 16 The BPI Severity scale is a patient-reported outcome in which pain during the past 24 hours is recorded on a scale of 0 (no pain) to 10 (pain as bad as you can imagine). 26 The BPI Severity scale has been validated in patients with noncancer pain, including CLBP. 26 In each of the 4 trials, duloxetine 60 mg/day was associated with a statistically greater reduction in BPI Severity average pain score at the end of treatment compared with placebo, and the magnitude of pain reduction was consistent across the trials. 14, 17 This post hoc analysis assessed response based on the improvement in BPI average pain from baseline to the end of treatment (12-14 weeks). The primary outcome was the proportion of patients with ≥30% reduction in BPI average pain, and the secondary outcome was the proportion of patients with ≥50% reduction in BPI average pain. We selected these pain reduction thresholds based on previous studies that concluded that a ≥30% reduction in pain severity score constituted a clinically significant improvement and corresponded to a patient-described category of "much improved", 27 whereas a ≥50% reduction in pain severity score corresponded to "very much improved" 27 or a "successful treatment outcome". 28 Similarly, in a pooled analysis of data from trials of duloxetine for fibromyalgia and diabetic peripheral neuropathic pain, reductions in pain severity of 34% and 51% were associated with Patient Global Impression of Improvement ratings of "much better" and "very much better", respectively. 29 Therefore, ≥30% and ≥50% pain reduction thresholds represent clinically relevant end points in terms of pain relief for the patient.
Responder analysis
The association of the following variables with efficacy (≥30% pain reduction and ≥50% pain reduction at the end of treatment) was assessed for patients receiving duloxetine 60 mg: early improvement, defined as ≥15% reduction in BPI average pain at Week 2 (yes vs no); sex (female vs male); age (<65 years vs ≥65 years); baseline BPI average pain score (≥6 vs <6); CLBP duration (<5 years vs ≥5 years); and number of painful body sites during the past 3 months according to the MBM (≥2 vs 1 [isolated CLBP]; Japanese trial only 14 ) . We defined early improvement as ≥15% pain reduction at Week 2 based on previous studies of duloxetine for fibromyalgia 30 and gabapentin for postherpetic neuralgia, 31 which suggested that failure to achieve 10-20% reduction in pain during the first 2 weeks of treatment is predictive of failure to achieve 30% pain reduction at Week 10 or 12.
Statistical analysis
Patient-level data for this analysis were extracted from an integrated database containing data from all 4 trials. Baseline demographic characteristics are described as mean (SD) and/or median (minimum, maximum) for continuous variables and n (%) for categorical variables. The percentage of patients in each group who achieved ≥30% reduction or ≥50% reduction in BPI average pain from baseline to the end of treatment was calculated ("response rate"), and the duloxetine 60 mg and placebo groups were compared using a Cochran-Mantel-Haenszel test stratified by each trial. For the responder analysis, relative risk (RR) and 95% confidence intervals (95% CIs) of the response rate were calculated for each variable. For the MBM analysis (Japanese trial only 14 ) , the proportion of patients achieving ≥30% pain reduction and ≥50% pain reduction was assessed for patients with 1, ≥2, 2, 3, 4, and ≥5 painful body sites, compared between duloxetine and placebo groups using a Cochran-MantelHaenszel test, and the RR (duloxetine vs placebo) and 95% CI calculated according to the number of painful body sites. For the responder analyses, missing end-of-treatment data were imputed using a last observation carried forward method. All statistical analyses were conducted using SAS version 9.2 (SAS Institute, Cary, NC, USA).
Results
Study population
A total of 1,295 patients (placebo, n = 653; duloxetine 60 mg, n = 642) were included in this analysis. The baseline demographics and clinical characteristics were similar between the pooled placebo and pooled duloxetine groups ( Table 1) . The baseline BPI average pain score (mean 5.6, median 5.0) indicated moderate pain levels at study enrollment. Patients showed minimal depressive symptoms, as demonstrated by low scores on the Beck Depression Inventory-II scale in the Japanese and US trials, consistent with exclusion of patients with major depressive disorder.
Patient disposition
Completion rates exceeded 80% in all trials and were similar in the placebo and duloxetine groups ( Table 2) . A greater percentage of patients in the placebo group discontinued because of lack of efficacy compared with the duloxetine group. Conversely, a greater percentage of patients in the duloxetine group discontinued because of an adverse event compared with the placebo group.
Overall response rate
The percentage of patients with ≥30% pain reduction from baseline to the end of treatment was greater in patients treated with duloxetine 60 mg (59.7%) than in patients treated with placebo (47.8%; P < 0.001; Figure 1 ). Similar results were observed for ≥50% pain reduction (duloxetine 48.6% vs placebo 35.1%; P < 0.001; Figure 1 ).
Responder analysis by demographic and clinical factors
Among patients treated with duloxetine, female patients were slightly more likely to respond than male patients (RR [95% CI]: ≥30% pain reduction, 1.14 [1.00-1.30]; ≥50% pain reduction, 1.17 [0.99-1.38]; Figure 2 ). The response to duloxetine was similar regardless of other demographic and clinical factors (age, CLBP duration, baseline BPI average pain score; Figure 2 ). 
Responder analysis by early improvement
Responder analysis by number of painful body sites
In the Japanese trial, most patients (77%) had pain in ≥2 body sites (mean 3.5 painful sites; Table 1 ). The most commonly reported pain sites, other than the low back, were shoulders (right, 28.7% of all patients; left, 24.6%), knees (right, 21.1%; left, 23.5%), and neck (23.7%). Figure 2 ). In addition, the RR (duloxetine vs placebo) of achieving ≥30% pain reduction at the end of treatment was greater among patients with ≥2 painful sites than in those with only 1 painful site (P < 0.001) and increased with increasing number of painful sites ( Figure 3A) . Similar results were observed for patients achieving ≥50% pain reduction ( Figure 3B ).
Discussion
This is the first analysis to examine the effect of demographic and clinical factors, including early improvement and number of painful body sites, on the response to duloxetine 60 mg in patients with CLBP. The analysis included data from 4 randomized controlled trials of duloxetine 60 mg for the treatment of CLBP. The level of improvement with duloxetine within the first 2 weeks was indicative of the likelihood of achieving a clinically significant response at 12-14 weeks. Importantly, patients with ≥2 painful body sites were more likely to obtain greater benefit from duloxetine than patients with isolated CLBP, and the proportion of patients obtaining benefit increased with increasing number of painful body sites. The likelihood of response to duloxetine was not affected strongly by other baseline factors examined. Our results could assist clinicians in predicting and assessing the efficacy of duloxetine for patients with CLBP, depending on the number of painful body sites and early improvement.
In this post hoc responder analysis, early improvement with duloxetine 60 mg was associated with more frequently achieving a clinically significant reduction in pain at the end of the study period. This result is consistent with other responder analyses of duloxetine in chronic pain conditions, although these analyses focused on early nonresponders. In a post hoc analysis of duloxetine 60 mg or 120 mg for CLBP or osteoarthritis, only 35%-39% of the patients with <10% pain reduction at Week 2 achieved ≥30% pain reduction and only 17%-19% achieved ≥50% pain reduction at Week 12. 32 These results are very similar to those in our analysis, in which 28% of early nonresponders achieved ≥30% pain reduction and 21% achieved ≥50% pain reduction. This similarity is not surprising given that Williamson et al 32 included patients from 3 of the 4 trials that we included.
15-17 However, we restricted our analysis to duloxetine 60 mg to focus on the recommended dose for CLBP. In another post hoc analysis of duloxetine 60 mg or 120 mg for fibromyalgia, 86% of patients with <15% pain reduction at Week 2 failed to achieve ≥30% pain reduction at Week 12. 30 In our analysis, 72% of patients with <15% pain reduction at Week 2 failed to achieve ≥30% pain reduction at Weeks 12-14. Differences between these results may be related to the different diseases studied, the multiple doses of duloxetine included by Wang et al, or differences in patient population. Early improvement with treatment has also been shown to be indicative of overall response in studies of other drugs (opioids, gabapentin) in chronic pain conditions. 31, 33 In clinical practice, a lack of improvement during the first 2 weeks of pharmacological treatment may signal that the patient is unlikely to benefit from persisting with treatment and that a change in management strategy should be considered.
An important and novel finding is that the number of painful body sites may predict the likelihood of response to duloxetine. To our knowledge, this is the first study to Table 2 Disposition of patients with CLBP enrolled in 4 randomized, placebo-controlled trials of duloxetine treatment [14] [15] [16] [17] 
1728
Alev et al compare treatment response in patients with multiple painful sites with the response in patients with isolated CLBP. We used the MBM, a recently validated graphic tool that allows patients to identify up to 35 different painful sites. 25 The MBM has been used primarily in studies of fibromyalgia, 25 and the Japanese trial included in this analysis was among the first to use the MBM in patients with CLBP.
14 Approximately three-quarters (77%) of patients in the Japanese trial reported 2 or more painful body sites. Indeed, in an analysis of the US National Health and Aging Trends Survey, >85% of older adults who had back pain during the past month (not necessarily CLBP) reported pain in ≥1 other site and >50% had pain in ≥3 other sites. 34 In our study, patients with ≥2 painful body sites were more likely to gain greater benefit from duloxetine 60 mg than patients with isolated CLBP. Importantly, the extent of benefit increased with increasing number of painful sites. A greater response among patients with multiple painful sites is consistent with duloxetine acting on chronic pain mechanisms to modulate descending pain pathways. 13 The presence of multiple painful sites, including the low back, is thought to result from changes in the central nervous system, particularly reduced activity of descending inhibitory pathways, which amplify pain perception. 8, 24 Although limited, our analysis suggests that the number of painful body sites may be a predictor of response to duloxetine. If confirmed in subsequent studies, the MBM may be useful for predicting the likelihood that individual patients with CLBP will respond to duloxetine.
The strengths of our analysis include the use of pooled patient-level data from 4 randomized, placebo-controlled trials conducted in multiple countries with similar study designs and methods, the large sample size for most responder variables, and the novel use of the MBM. One limitation, however, is that data on the number of painful 
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Duloxetine for CLBP: responder analysis body sites were only available for Japanese patients from a single trial, resulting in a lower sample size for this variable, especially for patients with isolated CLBP (placebo, n = 54; duloxetine, n = 51), which limited the statistical power for this subgroup. Other potential limitations of the analysis include its post hoc nature, the limited number of possible predictors assessed, and the single dose of duloxetine analyzed. However, we focused on the 60 mg dose as this is the recommended dose for CLBP in most countries. 35 
Conclusion
In this post hoc responder analysis of 4 trials, the level of pain relief provided by duloxetine 60 mg in the first 2 weeks of treatment was indicative of whether a clinically significant response was achieved after 12-14 weeks of treatment.
Further, results from 1 trial suggested that patients with multiple sites of pain may be more likely to derive greater benefit from duloxetine than patients with isolated CLBP. Aside from these differences, duloxetine 60 mg was efficacious in the treatment of patients with CLBP, regardless of age, sex, pain severity, or duration of CLBP. 
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